Creatinine in serum is determined with a new reagent system consisting of methyl-3,5-dinitrobenzoate and tetramethyl ammonium hydroxide in 50% methyl sulfoxide. The method shows excellentcorrelation with manual and automated alkaline picrate procedures and has comparable sensitivity. The proposed method has advantages over the dinitrobenzoyl chloride assay system in terms of sensitivity, reagent stability and precision. The day-to-day coefficient of variation is 2.9-3.8%, while within day is 1.5-2.1%. The standard curve is linear beyond 20 mgfdl creatinine. Compared to the picrate method, the proposed assay is less than one half as susceptible to a combination of known interfering agents. Based on the present studies, it is recommended as an excellent alternative to the commonly used picrate procedures.
The Jaffe reaction, utilised by Folin (1904) for the determination of creatinine, is still the principal method used for routine estimations of creatinine in serum or urine, although up to 30 % of the creatinine measured with this method is assumed to be due to the presence of interfering chromogens. In later studies Lloyd's reagent was found to absorb creatinine in preference to most of these interfering compounds, and this reagent has been used in the picrate procedures to obtain, presumably, more specific creatinine values (Owen et al., 1954) . However, these and other procedures that have been claimed to be specific, require more time and manipulations than Folin's procedure and generally are not considered applicable for routine clinical use.
Recently, in an excellent review, Cook (1975) stated that enzymatic procedures (McLean et al., 1973; Whalefeld et al., 1972) suffer from poor availability and high cost of specific enzymes. While Cook considers kinetic approaches (Cook, 1971; Ward et al., 1976) to be most promising, the need for sophisticated equipment and strict analytical conditions currently limit their general use. Cook concluded that as yet there is no sound alternative to picrate methods for general applications, even though the commonly employed automated (Technicon) procedures (Chasson et al., 1961; Briddon, 1973) have not resolved the problem of interference. Benedict and Behre (1936) , Langley and Evans (1936), and Bolliger (1936) independently and simultaneously developed creatinine methods using 3,-5-dinitrobenzoic acid (DNBA). Langley and Evans found that their procedure gave results that were more in agreement with the Lloyd reagent ·Requests for reprints: A. C. Parekh: Division of Life Sciences. Stanford Research Institute, Menlo Park, Ca, USA 94025. procedure than with Folin's picrate procedure, which was taken as an indication of an improved specificity. Benedict and Behre found that several creatinine derivatives, glycoacetamide, and hydantoin produced less interference with their procedure than they did with the Jaffe reaction. However, all the DNBA methods lacked sensitivity, linearity, and stability.
Recently, Parekh et al. (1976) developed a method for serum creatinine determination utilising 3,5dinitrobenzoyl chloride (DNBQ) in an organic medium. This method was shown to have none of the difficulties inherent in the DNBA methods. However, the sensitivity and reagent blank values obtained varied with the source and purity of DNBCl, and it appeared that its precision could stand improvement. In addition, the shade of the colour reagent changed with storage, although it continued to give consistent results after the first 24 hours.
The method of Parekh et al. (1976) DNBCl reaction (Parekh et al., 1976) , the MDNB colour reagent chosen for the proposed method was made by dissolving MDNB in DMSO. When creatinine was allowed to react with MDNB in an alkaline medium, a reddish-purple, light sensitive colour developed.
The intensity and stability of colour were dependent on the pH of the reaction medium. Several bases were used in an attempt to produce a buffered system near pH 13-14. Sodium metasilicate, triethylamine, and ammonia proved insufficiently basic to produce colour. The colour produced by monoethanolamine completely interfered with the reaction. Sodium and potassium hydroxides, at final concentrations near 0.01 N, produced colour and moderate stability, but they are not soluble in concentrated DMSO. TMAH not only is soluble in DMSO but it also produces a stronger and more stable colour. For this reason TMAH was chosen as the base to be used for the proposed method.
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Approximately 50 g of DNBCl was mixed with 100 ml of anhydrous methanol, and after 5 minutes 100 ml of water was added to produce additional precipitation of product. The precipitate was filtered with suction, washed with cold water, recrystallised from methanol, and dried at 80 aC. The product consisted of white plates, m.p. 196-197.5°C .
Creatinine standards. A stock standard of 200 mgj dl was prepared by weighing 2.004 g of standard creatinine into a litre volumetric flask, and the flask was brought to volume with 0.1 N HC!. Reagent blank and working creatinine standards (1,2,5,10,15, and 20 mgjdl) were obtained as follows: appropriate aliquots of stock were added to 100 or 200 ml volumetric flasks, as necessary; 0.1 N HCl was added to one-tenth of the volume, and the flask was brought to volume with distilled water. All standards were 1" stored in the refrigerator, and working reagents werem ade fresh weekly.P recipitation reagent. Creatinine containing super-ñ atants from serum samples were obtained using a Jl precipitation reagent system similar to that describedb y Owen et al. (1954) for the preparation of a neutralf iltrate (pH 4): 10 ml of 10 gjdl (wjv) sodium tungstate in water were mixed together rapidly with 90 ml of 1{12 N sulphuric acid, and 4 ml of this tungstic acid solution was added immediately to each 1 ml of serum sample and mixed. The creatinine standards were diluted with 4 ml of water in place of tungstic acid. The samples were centrifuged and agitated to allow the particles trapped on the surface to settle and then were centrifuged again. Colour reagent. In a litre flask 20 g MDNB was brought to volume with DMSO. It is stable on the shelf for at least 6 months.
TMAH reagent. 100 ml of 25 % TMAH in methanol was mixed with 900 ml of DMSO. It is stable on the shelf for 4 months.
A preliminary study indicated that a suitable DMSO concentration was approximately 50 %in the final reaction mixture. Increasing the DMSO concentration increased the pH of the final mixture if the mixture was already basic. Fig. 1a shows the sensitivity and stability for different TMAH concentrations (0.37--0.73g/dl) in a reaction mixture of 1 ml of diluted 10 mg/dl creatinine standard, containing 50% DMSO and 0.5 gldl MDND. As illustrated, 0.61 gldl TMAH produced the most intense and most stable colour. More base produced less intense absorbance and decreased the colour stability. The pH of all but the least basic of the samples began at and remained above pH 14.
The effect of D MSO concentration is shown in Fig.  1b . The samples contain a mixture of 1 ml of diluted 10 mg/dl creatinine standard, 0.05 ml of 25 % TMAH in methanol, 0.4 ml of 0.2 gldl MDNB in DMSO, and enough DMSO to give concentrations of 28%, 40%, 49%, or 57% DMSO in the final reaction mixture. Although the colour increased with increasing DMSO concentrations, it maintained stability at the two higher concentrations; the 57 % DMSO concentration produced only 8 %more colour than the 49% DMSO concentration. For this reason and for convenience 47.5 % concentration of DMSO was selected for the proposed method. Fig. lc shows the effects of various concentrations of MDNB mixed together with 1 ml of diluted 10 mg/dl creatinine standards, 50% DMSO, and 0.61 gldl TMAH. The colour was maximum near 0.8 gjdl MDNB, but stability was slightly better at 0.4 g/d!. An intermediate MDNB concentration of 0.5 gldl was selected for the proposed method. The colour decreased at 1.2 gldl MDND because the pH was depressed with higher concentrations of MDNB. More colour may be produced by increasing the TMAH concentration, but it also becomes unstable. The wavelength of maximum absorption of this reaction lies between 550 and 555 nm.
The variable absorbances obtained at different pH values necessitated the use of standards that had pH values similar to those of the serum supernatants. The protein precipitation procedure presented under "Proposed method" in the succeeding section is a commonly used procedure which produces a "neutral" filtrate or supernatant of approximately pH 4. Aqueous creatinine standards in 0.01 N HCI or pure water, diluted 1:5 with water, both gave pH values similar to the pH of supernatants from a serum poo!. Standards in 0.02 N HCI were found to be too acidic.
Proposed method
Duplicate I ml aliquots for supernatants or diluted standards of 0, 1, 5, and 10 rng/dl creatinine are delivered to 12 x 75 mm test-tubes, and 0.5 ml of TMAH reagent is added to each tube. The tubes are mixed, after which 0.5 ml of colour reagent is added to each tube at convenient intervals (15-30 s). The tubes are then mixed on a vortex mechanical mixer and placed into a rack in the dark. After 35 min the samples are read at 550 nm in a Gilford 300 N spectrophotometer (Gilford Instrument Co., Oberlin, Oh., U.S.A.) with a sipper cell at the same time intervals. The serum creatinine values, which may be determined from a standard curve, are linear through 20 mg/dl creatinine.
Methods for correlation. The proposed method was correlated with both the non-specific or total chromogen alkaline picrate method and the creatinine-specific method, both of which were studied by Husdan and Rapoport (1968) and previously recommended by Owen et al. (1954) . These manual procedures were modified in that supernatants rather than filtrates were used. They utilise a strongly acidic tungstic acid protein precipitating procedure with a total dilution of 1:4 and a final supernatant pH of 1.4. The so-called creatininespecific procedure used Lloyd reagent to absorb creatinine selectively in the presence ofinterferingcompounds. The proposed method also was correlated with the SMA 12/60 (Technicon Instrument Corp., Tarrytown, NY 10591 U.S.A.) automated method developed by Chasson et al. (1961) . REsULTS 
AND DISCUSSION
Linearity. The proposed MDNB method is linear through 20 mgldl serum creatinine concentration. This linearity is equal to that of the DNBCI method proposed by Parekh et al. (1976) and exceeds that of the manual alkaline picrate method of Husdan and Rapoport (1968) , which is only linear to approximately 8 rng/dl, and that of the automated Technicon SMA 12/60 method, which is linear through 15 mg/dl (Fig. 2) .
Sensitivity. The sensitivity of the proposed method is similar to that of the DNBCI method and also is consistent from one reagent to another over many months. In our experience with various preparations from different lots of DNBCI reagent the sensitivity of the DNBCl method varied by as much as 25 %.
The sensitivity of the proposed method was found to be almost twice that of the DNBA procedure of Langley and Evans (1936) (Fig. 2 ) even when the supernatant was used at a 1:5 dilution rather than at the 1:10 dilution that the authors had proposed. The Benedict and Behre procedure (1936) as previously reported (Parekh et al., 1976) showed even lower sensitivity. Fig. 2 illustrates that the sensitivity of the manual alkaline picrate procedure is 13 % higher The values obtained on serum samples in the 1 mg/dl range using the proposed method are approximately threefold more precise than those obtained with the DNBCl procedure.
Recovery. The results of a recovery study using a normal and a high serum creatinine pool are shown in Table 2 . The recovery of added aqueous standard creatinine varied between 91 and 98 %, with an average of 94.7% recovery. Owen et al. (1954) have found that this range of recovery is to be expected when protein precipitation procedures that produce neutral filtrates are used.
Correlations. The proposed method correlates excellently with the manual total chromogen method of Husdan and Rapoport (1968) . Fig. 3 illustrates the regression line, which has a slope of 0.992 and y intercept of -0.027 mg/dl creatinine. The 0°corre- Husdan and Rapoport (J968) , the automated picrate method is that utilised by the SMA 6/60 and 12/60 systems by Chasson et al. (J96J) , and L & E stands for the DNBA method of Langley and Evans (J936) .
than the proposed method, although the dilution of serum in the picrate procedure is only 1 :4 rather than 1 :5, i.e., 20 % more concentrated. The creatinine complex with benzoate in the proposed reagent system, therefore, is actually slightly more chromogenic than the picrate complex.
The proposed method gives much lower reagent blanks than could be obtained with the DNBCl procedure unless the tedious DNBCl reagent purification (Parekh et al., 1976) is performed. The reagent blanks for the proposed method produced absorbance values between 0.015 and 0.020, whereas the blanks for the DNBCl method gave absorbances of approximately 0.025 for recrystallised DNBCl and between 0.05 and 0.11 for commercial products. Higher blanks imply impure reagents and such impurities could be susceptible to additional interference besides that affecting the chromophore, Stability. The stability of colour produced with the proposed method was identical with that ofthe DNBCI procedure; absorbance values were at a J?aximum, and remained within 0.01 absorbance umt between 25-50 min after the reaction was initiated. Tn comparison the colours produced in the methods of Benedict and Behre (1936) and Langley and Evans (1936) are stable only between 10-20 min and 9-17 min respectively.
The MDNB reagent and TMAH reagent used in the proposed method were stable for at least six months and 4 months respectively at room temperature, and also could be used immediately after lation coefficient is 0.999. This method also correlates well with the Technicon SMA 12/60 picrate procedure; the correlation coefficient is 0.992, and lloyd's Reagent Picrate Method mg/ dl the regression line has slope 1.013, with an intercept at 0.074 mg/dl creatinine. Fig. 4 demonstrates the regression line for the proposed method as compared with the Lloyd reagent picric acid procedure, recommended by Owen et al. (1954) as a method supposedly specific for creatinine. The correlation coefficient is 0.998, but the slope of the regression line is 1.077, with an intercept at 0.24 mg/dl creatinine. The proposed method, like the total chromogen alkaline picrate methods, gave creatinine values which were approximately 20-30% higher than the "creatinine-specific" method at normal creatinine levels. decreasing to 10 % higher values at 10 rng/dl serum creatinine.
Interference. Langley and Evans (1936) indicated that their DNBA procedure gave results that correlated with the Lloyd reagent picrate procedure more closely than with results from a total chromogen or non-specific alkaline picrate procedure. We were not able to reproduce this finding using the Langley and Evans (1936) procedure. In fact we found that the procedures of both Langley and Evans (1936) and Benedict and Behre (1936) gave results that were similar to the proposed method and the total chromogen picrate method. The discrepancy between our results and those reported by Langley and Evans with respect to interference may be due to the fact that in 1936 they were working with visual colorimeters, which could be influenced by the reagent blanks, especially in the picrate procedures.
On the other hand the proposed method and the total chromogen picrate method do not give equivalent responses when known interfering agents were added to serum (Table 3) . Lithium acetoacetate (100 rng/dl) interferes strongly with both methods but almost two and one half times more strongly with the picrate method. J-Ascorbic acid at the high concentration of 100 rng/dl interfered three times more strongly with the picrate method, while 800 rng/dl glucose produces approximately equal interference with both methods. Mixtures of these interfering agents produced total interference similar to what would be expected if the values from each interfering agent alone were added together. The mixture interferes more than twice as much in the picrate 18 procedure.
Clinical importance. There are three areas in which the two-to fourfold improvement in the precision of MDNB method over that of the other methods assumes clinical importance: (a) creatinine clearance measurements, (b) tubular reabsorption studies, and (c) criterion for instituting immunosuppressive therapy-25 % increase in serum creatinine value over the baseline-in cases of impending rejection of graft kidneys (Maher, 1974) .
The poor precision of the picrate methods (6-12 % C.Y.)· diminishes its usefulness as a guideline for therapy or as an analytical data base. On the other hand the day-to-day precision (14% c.Y.) obtained with the recent kinetic enzymatic assay (Moss et 01., 1975) of serum creatinine also rules out its application for these purposes. Further, in clinical situations such as diabetic ketosis, where more than one biochemical parameter is usually altered, the MDNB method would be the method of choice because of its lower susceptibility to interference.
